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Abstract
If F and G are graphs, dene M (G; F) to be the minimum number of monochromatic G that
occur in any 2-colouring of the edges of F and call it as the multiplicity of G in F . In this
paper we prove that M (K3; G2n)= 8M (K3; Kn) for all n where G2n is the cocktail party graph
on 2n vertices. Lower bounds are shown to be sharp by explicit colouring schemes. c© 1999
Elsevier Science B.V. All rights reserved
1. Introduction and background results
Ramsey’s theorem guarantees that if G is a graph, then any 2-colouring of the edges
of a large enough complete graph yields a monochromatic copy of G. It is interesting
to nd out how many such G must occur. If F and G are graphs, dene M (G; F)
to be the minimum number of monochromatic G that occur in any 2-colouring of the
edges of F . M (G; F) is called the multiplicity of G in F . We let G2n denote the graph
obtained from the complete graph K2n by removing a 1-factor. G2n is usually called
the cocktail party graph on 2n vertices. In 1959, Goodman [1] proved that
M (K3; Kn)=
8><
>:
1
3u(u− 1) (u− 2) if n=2u;
2
3u(u− 1) (4u+ 1) if n=4u+ 1;
2
3u(u+ 1) (4u− 1) if n=4u+ 3;
where u is a nonnegative integer. In this paper, we give a combinatorial proof to show
that
M (K3; G2n)= 8M (K3; Kn) 8n:
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2. The main result
Theorem. M (K3; G2n)= 8M (K3; Kn) 8n.
Proof. This proof is by counting a particular set S combinatorially in two ways. Let
S = fKn, minimum number of monochromatic triangles in Kn) such that Kn lies within
G2ng. In G2n the number of Kn’s is 2n. Fix a Kn say G. By Goodman’s result we know
that the minimum number of monochromatic triangles in G is M (K3; Kn). Let the min-
imum number of monochromatic triangles in G2n be M (K3; G2n). Fix a monochromatic
triangle in G2n say T . Now the number of Kn’s which contain T is 2n−3. So,
2nM (K3; Kn)=M (K3; G2n)2n−3)M (K3; G2n)= 8M (K3; Kn):
3. Colouring schemes for lower bounds
Let P1; P2; : : : ; Pn; P01; P
0
2; : : : ; P
0
n be the vertices of G2n such that P1P
0
1; P2P
0
2; : : : ; PnP
0
n
are non-edges. Let G1 be the subgraph induced by the vertices P1; P2; : : : ; Pn and let G2
be the subgraph induced by P01; P
0
2; : : : ; P
0
n. Now G1 and G2 are complete graphs. Colour
the complete graph G1 as the colouring given by Sauve [3] for lower bounds. Whenever
PiPj is a red=blue edge, colour the edges P0i P
0
j ; P
0
i Pj; PiP
0
j with red=blue, respectively.
In this way, whenever there is a monochromatic triangle in G1, say PiPjPk , we get the
eight triangles PiPjPk , P0i P
0
j P
0
k , P
0
i P
0
j Pk , PiPjP
0
k , P
0
i PjP
0
k , PiP
0
j Pk , PiP
0
j P
0
k , P
0
i PjPk in G2n of
the same colour. This shows that the lower bounds are sharp.
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